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from (B) a carbonate-based carbonyl derivative having 
a kinematic viscosity of 3 to 50 mm 2 /s at 1 00°C and (C) 
a polyol ester having a kinematic viscosity of 3 to 50 
mm 2 /s at 100 C C, wherein an amounL of (B) and/or (C) 



is 0.1 to 40% by weight of the total base oil composition. 
The composition exhibits sufficient antiwear, excellent 
lubricity and miscibility with carbon dioxide refrigerants 
and can be used for a long time with stability in the re- 
frigerating cycle using a refrigerant comprising carbon 
dioxide in the supercritical condition of a high tempera- 
ture and a high pressure as the main component. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a refrigerating oil composition for a refrigerator using a carbon dioxide (C0 2 ) 
refrigerant and } more particularly, to a refrigerating oil composition which can be used forcompression-type refrigerators 
using a carbon dioxide refrigerant, which are, specifically, refrigerating and air conditioning apparatuses such as au- 
tomobile air conditioners, refrigerators, freezers, general use air conditioners and heat pumps. 

10 BACKGROUND ART 

[0002] In general, refrigerators such as compression-type refrigerators comprising a compressor, a condenser, an 
expansion valve and an evaporator has a structure in which a mixed fluid of a refrigerant and a lubricating oil is circulated 
in the closed system. Heretofore, chlorofluorocarbons such as dichlorodifluoromethane (R-1 2) and chlorodifluorometh- 

15 ane (R-22) have been used as the refrigerant for the compression-type refrigerators and various types of lubricating 
oils have been produced and used in combination with the refrigerant. However, since there is the possibility that these 
chlorofluorocarbons cause environmental pollution such as ozonosphere destruction in stratosphere when these sub- 
stances are released into the atmosphere, the regulation on the chlorofluorocarbons is becoming stricter worldwide. 
Due to this situation, novel refrigerants such as hydrofluorocarbons and fluorocarbons. typical examples of which in- 

20 elude 1 ,1 .1 ,2-tetrafluoroethane (R-1 34a), are attracting attention. Although there is no anxiety that the hydrofluorocar- 
bons and the fluorocarbons destruct the ozonosphere, there is the fear that these substances might cause global 
wanning due to the longevity of these substances in the atmosphere. Therefore, the use of a natural substance-based 
refrigerant that does not cause these problems is considered. 

[0003] Carbon dioxide is advantageous as the foregoing natural substance since it is harmless to the environment 
25 and safe to the human beings. Further, it is easily available anywhere as desired, it is not necessary to be recycled 
and it is very inexpensive. Therefore, carbon dioxide has heretofore been used as a refrigerant for refrigerators. How- 
ever, the refrigerating system using the carbon dioxide refrigerant is a system having a higher pressure and a higher 
temperature than those of the refrigerating system using R-1 34a or the like and, moreover, is a system with transitional 
supercritical cycle having the supercritical condition in the refrigerant cycle. Therefore, when this system is lubricated 
30 with a lubricating oil which has heretofore been used conventionally, there is a great possibility of causing problems 
on lubrication in that deterioration in the lubricating property such as insufficient wear resistance takes place and stable 
use cannot be achieved for a long time due to a decrease in stability. 

[0004] Polyoxyalkylene glycols have been used advantageously in the systems using the R-1 34a refrigerant and it 
is considered that polyalkylene glycols can be applied to the system using the carbon dioxide refrigerant. However, 

35 miscibility of the polyoxyalkylene glycols with carbon dioxide is not sufficiently great. 

[0005] Under the foregoing circumstances, an object of the present invention is to provide a refrigerating oil compo- 
sition for a carbon dioxide refrigerant that exhibits sufficient antiwear and excellent lubricating property, improved mis- 
cibility with the carbon dioxide refrigerant and that can be used for a long time with stability in the refrigerating cycle 
using the refrigerant comprising carbon dioxide in the supercritical condition of a high temperature and a high pressure 

40 as the main component. 

[0006] As the result of intensive studies by the inventors, it was found that the object of the present invention could 
be effectively achieved by using a composition containing a base oil composition that comprises a polyoxyalkylene 
glycol with a specific kinematic viscosity, a specific amount of a carbonate-based carbonyl derivative and/or a pplyol 
ester each having a specific kinematic viscosity. The present invention has been completed based on this finding. 

45 

DISCLOSURE OF THE INVENTION 

[0007] The refrigerating oil composition for a carbon dioxide refrigerant as a natural substance-based refrigerants 
of the present invention has the following characteristics. 

50 

(1 ) A refrigerating oil composition for a carbon dioxide refrigerant containing a base oil composition which comprises 
(A) a polyoxyalkylene glycol having a kinematic viscosity of 3 to 50 mm 2 /s at 100°C and at least one component 
selected from (B) a carbonate-based carbonyl derivative having a kinematic viscosity of 3 to 50 mm 2 /s at 100°C 
and (C) a polyol ester having a kinematic viscosity of 3 to 50 mm 2 /s at 100°C, wherein an amount of (B) and/or 

55 (C) is 0.1 to 40% by weight to the total base oil composition. 

(2) A refrigerating oil composition for a carbon dioxide refrigerant of the description (1 ), wherein the base oil com- 
position has a kinematic viscosity of 7 to 30 mm 2 /s at 100°C and a viscosity index of 130 or greater. 

(3) A refrigerating oil composition for a carbon dioxide refrigerant of the foregoing description (1) or (2), which 
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further comprises at least one acid catcher in an entire amount of 0.005 to 5.0% by weight. 

(4) A refrigerating oil composition for a carbon dioxide refrigerant of the foregoing description (1) or (2), which 
further comprises at least one extreme pressure agent in an entire amount of 0.005 to 5.0% by weight. 

(5) A refrigerating oil composition for a carbon dioxide refrigerant of the description (4), wherein the extreme pres- 
5 sure agent is at least one agent selected from a group consisting of metal salts of carboxylic acids and phosphorus- 
based extreme pressure agents. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 [0008] 

Figure 1 shows a flow diagram that exhibits an example of the compression type refrigerating cycle of the "com- 
pressor-condenser-expansion valve-evaporator" system having an oil separator and a hot gas line. 
Figure 2 shows a flow diagram that exhibits an example of the compression type refrigerating cycle of the "com- 
'5 pressor-condenser-expansion valve-evaporator" system having an oil separator. 

Figure 3 shows a flow diagram that exhibits an example of the compression type refrigerating cycle of the "com- 
pressor-condenser-expansion valve-evaporator" system having a hot gas line. 

Figure 4 shows a flow diagram which exhibits an example of the compression type refrigerating cycle of the "com- 
pressor-condenser-expansion valve-evaporator" system. 

20 

[0009] Descriptions of the numerical symbols in the Figures are as the followings: 

1 : A compressor 
2: A condenser 
25 3; An expansion valve 

4: An evaporator 
5: An oil separator 
6: A hot gas line 
7: A valve for a hot gas line 

30 

THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE INVENTION 

[0010] Examples of (A) the polyoxyalkylene glycol used in the present invention include compounds represented by 
general formula (1): 

35 

R 1 -[(OR 2 ) m -OR 3 ] n (1) 

wherein R 1 represents hydrogen atom, an alkyl group having 1 to 1 0 carbon atoms., an acyl group having 2 to 1 0 carbon 
40 atoms or an aliphatic hydrocarbon group having 1 to 10 carbon atoms and having 2 to 6 bonding portions; R 2 represents 
an alkylene group having 2 to 4 carbon atoms; R 3 represents hydrogen atom, an alkyl group having 1 to 10 carbon 
atoms or an acyl group having 2 to 1 0 carbon atoms; n represents an integer of 1 to 6; and m represent numbers giving 
an average value of numbers represented by m x n in a range of 6 to 80. 

[0011] In the general formula (1), the alkyl group having 1 to 10 carbon atoms which is represented by R 1 or R 3 may 
45 be any of linear, branched and cyclic alkyl groups. Examples of the alkyl group include methyl group, ethyl group, n- 
propyl group, isopropyl group, various types of butyl group, various types of pentyi group, various types of hexyl group, 
various types of heptyl group, various types of octyl group, various types of nonyl group, various types of decyl group, 
cyclopentyl group and cyclohexyl group. When the number of carbon atom in the alkyl group exceeds 10 : miscibility 
with the refrigerant reduces and phase separation occasionally takes place. It is preferable that the number of carbon 
50 atom in the alkyl group is 1 to 6. 

[0012] In the acyl group having 2 to 10 carbon atoms which is represented by any of R 1 and R 3 , the portion of an 
alkyl group may be any of linear, branched and cyclic alkyl groups. Examples of the portion of an alkyl group in the 
acyl group include the alkyl groups having 1 to 9 carbon atoms among the groups described above as the examples 
of the alkyl group. When the number of carbon atom in the acyl group exceeds 1 0, miscibility with the refrigerant reduces 
55 and phase separation occasionally takes place. It is preferable that the number of carbon atom in the acyl group is 2 
to 6. When R 1 and R 3 each represent an alkyl group or an acyl group, R 1 and R 3 may represent the same group or 
different groups. When n represents a number of 2 or greater, the atoms and the groups represented by the plurality 
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of R 3 in one molecule may be the same with or different from each other. 

[0013] When R 1 represents an aliphatic hydrocarbon group having 1 to 10 carbon atoms and having 2 to 6 bonding 
portions, the aliphatic hydrocarbon group may be linear or cyclic. Examples of the aliphatic hydrocarbon having 2 
bonding portions include ethylene group, propylene group, butylene group, pentylene group, hexylene group, heptylene 

5 group, octylene group, nonylene group, decylene group, cyclopentylene group and cyclohexylene group. Examples of 
the aliphatic hydrocarbon group having 3 to 6 bonding portions include residual groups obtained by removing hydroxyl 
groups from polyhydric alcohols such as trimethylolpropane, glycerol, pentaerythritol, sorbitol, 1 ,2,3-trihydroxycy- 
clohexane and 1 ,3,5-trihydroxycyclohexane. When the number of carbon atoms in the aliphatic hydrocarbon groups 
exceeds 10, miscibility with the refrigerant reduces and phase separation occasionally takes place, it is preferable that 

10 the number of carbon atom is 2 to 6. 

[0014] In the present invention, it is preferable that at least one of R 1 and R 3 represents an alkyl group, more pref- 
erably an alkyl group having 1 to 3 carbon atoms and most preferably methyl group from the standpoint of the viscosity. 
From the same standpoint, it is preferable that R 1 and R 3 each represent an alkyl group and more preferable that they 
each represent a methyl group. 

15 [0015] In the foregoing general formula (1), R 2 represents an alkylene group having 2 to 4 carbon atoms. Examples 
of the oxyalkylene group as the repeating unit include oxyethylene group, oxypropylene group and oxybutytene group. 
The oxyalkylene groups in one molecule may be the same with or different from each other. It is preferable that the 
oxyalkylene group is a copolymer comprising oxyethylene group (EO) and oxypropylene group (PO). From the stand- 
point of Ihe load of seizure and the viscosily, il is preferable that the value of EO/(PO+EO) is in the range of 0.1 to 0.8. 

20 From the standpoint of the hygroscopic property, it is preferable that the value of EO/(PO+EO) is in the range of 0.3 
to 0.6. 

[0016] In the foregoing general formula (1), n represents an integer of 1 to 6 which is decided in accordance with 
the number of the bonding portion of the group represented by R 1 . For example, n represents 1 when R 1 represents 
an alkyl group or an acyl group and represents 2.3,4,5 or 6 when R 1 represents an aliphatic hydrocarbon group having 
25 2.3,4,5 or 6 bonding portions, respectively, m represent numbers giving an average value of numbers represented by 
m x n in the range of 6 to 80. When the average value of numbers represented by mxn is outside the range, the object 
of the present invention is not sufficiently achieved. 

[0017] The polyalkylene glycol represented by the foregoing general formula (1) includes polyalkylene glycols having 
hydroxyl groups at the ends. Polyalkylene glycol having hydroxyl groups at the ends can be advantageously used as 
30 long as the content of the hydroxyl group at the ends is 50% by mole or smaller based on the total number of the 
terminal groups. When the above-described content exceeds 50% by mole, the hygroscopic property increases and 
the viscosity index reduces. Therefore, such a content is not preferable. 

[001 8] As the polyalkylene glycol described above, polyoxypropylene glycol dimethyl ethers represented by general 
formula (2): 

35 

C H , 
I 

40 CH,0-(CHCH,0) x -CH, • • • ( 2 ) 



wherein x represents a number of 6 to 80, and polyoxyethylene-polyoxypropylene glycol dimethyl ethers represented 
by general formula (3): 

45 

C H s 
I 

50 CH,0-(CHCH 2 0).-(CHCH,0) b -CH, (3). 

wherein a and b each represent a number of 1 or greater and the sum of the numbers represented by a and b is in 
the range of 6 to 80, are preferable from the standpoint of the economic superiority and the refrigerating effect. 
55 [0019] Polyoxypropylene glycol monobutyl ethers represented by general formula (4): 



4 



25 
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C H , 

C 4 H » O — ( C HCHiO),-H • • • (4) 

wherein x represents a number of 6 to 80, and polyoxypropylene glycol diacetates are preferable from the standpoint 
of the economic superiority. As the polyalkylene glycol represented by the foregoing general formula (1), any com- 
10 pounds described in detail in Japanese Patent Application Laid-Open No. Heisei 2(1990)-305893 can be used. 

[0020] In the present invention, polyoxyalkyiene glycol derivatives having at least one constituting unit represented 
by the following general formula (5): 

15 R < R a 

- C - C - O - • • • ( 5 ) 

I I 
R 1 R T 

20 

can be used. In general formula (5), R 4 to R 7 each represent hydrogen atom, a hydrocarbon group having 1 to 10 
carbon atoms or a group represented by general formula (6): 

R a 
I 

- C - O (R 10 O)„R 11 • • - ( 6 ) 

30 R 8 

and at least one of R 4 to R 7 represents a group represented by general formula (6). In general formula (6), R 8 and R 9 
each represent hydrogen atom, a monovalent hydrocarbon group having 1 to 10 carbon atoms or an alkoxyalkyl group 

35 having 2 to 20 carbon atoms, R 10 represents an alkylene group having 2 to 5 carbon atoms, a substituted alkylene 
group having alkyl groups as the substituents and 2 to 5 carbon atoms in the entire group or a substituted alkylene 
group having alkoxyalkyl groups as the substituents and 4 to 10 carbon atoms in the entire group, n represents an 
integer of 0 to 20 and R 11 represents a monovalent hydrocarbon group having 1 to 10 carbon atoms. 
[0021] In the foregoing general formula (5), R 4 to R 7 each represent hydrogen atom, a monovalent hydrocarbon 

40 group having 1 to 10 carbon atoms or a group represented by general formula (6). As the monovalent hydrocarbon 
group having 1 to 10 carbon atoms, monovalent hydrocarbon groups having 6 or fewer carbon atoms are preferable 
and alkyl groups having 3 or fewer carbon atoms are more preferable. 

[0022] In general formula (6), R 8 and R 9 each represent hydrogen atom, a monovalent hydrocarbon group haying 
1 to 10 carbon atoms or an alkoxyalkyl group having 2 to 20 carbon atoms. Among these groups, alkyl groups having 

4 5 3 or fewer carbon atoms and alkoxyalkyl groups having 6 or fewer carbon atoms are preferable. 

[0023] In general formula (6), R 10 represents an alkylene group having 2 to 5 carbon atoms, a substituted alkylene 
group having alkyl groups as the substituents and 2 to 5 carbon atoms in Ihe entire group or a substituted alkylene 
group having alkoxyalkyl groups as the substituents and 4 to 10 carbon atoms in the entire group. It is preferable that 
R 10 represents ethylene group or a substituted ethylene group having 6 or fewer carbon atoms. R 11 represents a 

50 monovalent hydrocarbon group having 1 to 1 0 carbon atoms, preferably a hydrocarbon group having 6 or fewer carbon 
atoms and more preferably a hydrocarbon group having 3 or fewer carbon atoms. 

[0024] In the foregoing general formula (5), at least one of R 4 to R 7 represents the group represented by the foregoing 
general formula (6). It is preferable that one of R 4 and R 6 represents the group represented by general formula (6) and 
the other of R 4 and R 6 , R 5 and R 7 each represent hydrogen atom or a monovalent hydrocarbon group having 1 to 10 
55 carbon atoms. 

[0025] The polyoxyalkyiene glycol derivative comprises at least one constituting unit represented by general formula 
(5). The polyalkylene glycol derivatives can be divided into the following three types of compounds: homopolymers 
comprising a single type of the constituting unit represented by general formula (5); copolymers comprising two or 
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more types of the constituting units represented by general formula (5); and copolymers comprising the constituting 
units represented by general formula (5) and other constituting units such as constituting units represented by general 
formula (7): 



R 1! R" 

C-C-O- . . . ( 7 ) 

I I 
R"R IS 



wherein R 12 to R 15 each represent hydrogen atom or an alkyl group having 1 to 3 carbon atoms. 

75 [0026] Preferable examples of the homopolymer described above include homopolymers comprising 1 to 200 con- 
stituting units represented by general formula (5) and having hydroxyl group, an acyloxyl group having 1 to 10 carbon 
atoms, an alkoxyl group having 1 to 10 carbon atoms or an aryloxyl groups as the terminal group. On the other hand, 
preferable examples of the foregoing copolymer include copolymers which comprise two types of constituting units A 
and B each represented by general formula (5) each in a number of 1 to 200 and copolymers which comprise 1 to 200 

20 constituting units A represented by general formula (5) and 1 to 200 constituting units C represented by general formula 
(7), each copolymer having hydroxyl group, an acyloxyl group having 1 to 10 carbon atoms, an alkoxyl group having 
1 to 10 carbon atoms or an aryloxyl groups as the terminal group. These copolymers include alternating copolymers, 
random copolymers and block copolymers comprising constituting units A and constituting units B (or constituting units 
C) and graft copolymers comprising the main chain of the constituting units A to which constituting units B are grafted. 

25 [0027] In the present invention, as (B) the carbonate-based carbonyl derivative, a carbonate oil represented by any 
of the following general formulae (8), (9), (10) or (11) can be used. 



o 
II 

R"-OCO-R" • • • ( 8 ) 



35 [0028] In the general formula (8), R 16 and R 17 each independently represent a linear or branched hydrocarbon group 
having 1 to 30 carbon atoms, a hydrocarbon group having an aromatic ring or aiicyclic bond and 6 to 30 carbon atoms, 
a linear or branched hydrocarbon group having ether bond and 2 to 135 carbon atoms or a hydrocarbon group having 
ether bond, 7 to 135 carbon atoms and an aromatic ring or an aiicyclic bond. 



o o 
II II 

R"-OCO-(R"OCO)-R n ••• (9) 



[0029] In the general formula (9), R 18 and R 20 each independently represent a linear or branched hydrocarbon group 
having 1 to 30 carbon atoms, a hydrocarbon group having an aromatic ring or aiicyclic bond and 6 to 30 carbon atoms, 
a linear or branched hydrocarbon group having ether bond and 2 to 135 carbon atoms or a hydrocarbon group having 
so ether bond, 7 to 135 carbon atoms and an aromatic ring or an aiicyclic bond; R 19 represents a linear or branched 
divalent hydrocarbon group having 1 to 12 carbon atoms or a divalent hydrocarbon group having an aromatic ring or 
an aiicyclic bond; and a represents an integer of 1 to 16. 

55 OO 

II II 

R n -OC[(OR M ) I OCO] y — R 2 8 . . . (io) 
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15 



[0030] In the general formula (10), R 21 and R 23 each independently represent a linear or branched hydrocarbon 
group having 1 to 30 carbon atoms, a hydrocarbon group having an aromatic ring or alicyclic bond and 6 to 30 carbon 
atoms ; a linear or branched hydrocarbon group having ether bond and 2 to 1 35 carbon atoms or a hydrocarbon group 
having ether bond, 7 to 135 carbon atoms and an aromatic ring or an alicyclic bond; R 22 represents an alkylene group 
5 having 1 to 6 carbon atoms; x represents an integer of 1 to 40; and y represents an integer of 1 to 12. 

o 

II 

" CHz-0"(R n O) p -CO-R n 

O 

[Z C-0-(R 25 0) P -CO-R n ] q • • . (11) 

O 
II 

C H i- O - (R 2 6 0 ) P ~ C O — R * 9 

20 

[0031] In the general formula (11), R 24 , R 25 and R 26 each independently represent an alkylene group having 1 to 6 
carbon atoms; R 27 , R 28 and R 29 each independently represent a linear or branched hydrocarbon group having 1 to 30 
carbon atoms, a hydrocarbon group having an aromatic ring or alicyclic bond and 6 to 30 carbon atoms, a linear or 
branched hydrocarbon group having other bond and 2 to 1 35 carbon atoms or a hydrocarbon group having ether bond, 
25 7 to 135 carbon atoms and an aromatic ring or an alicyclic bond; Z represents hydrogen atom, a hydrocarbon group 
having 1 to 6 carbon atoms or -0-(R 24 0) p -C(=0)0-R 27 ! R 24 and R 27 being as defined above; p represents an integer 
of 0 to 12; and q represents an integer of 1 to 6. 

[0032] Examples of the linear or branched hydrocarbon group represented by R 16 in the foregoing general formula 
(8) include linear and branched alkyl groups having 1 to 30 carbon atoms and preferably 1 to 1 2 carbon atoms. Specific 

30 examples of the above alkyl group include linear and branched alkyl groups such as CH 3 group, C 2 H 5 group, C 3 H 7 
groups, C 4 H 9 groups, CgH^ groups, C 6 H 13 groups, C 7 H 15 groups, C 8 H 17 groups, C 9 H 19 groups, C 10 H 21 groups and 
Ci2 H 25 groups. Examples of the hydrocarbon group having an aromatic ring which is represented by R 16 in the foregoing 
general formula (8) include hydrocarbon groups having 6 to 30 carbon atoms and preferably 6 to 20 carbon atoms 
such as aryl groups, arylalkyl groups and aromatic hydrocarbon groups having a divalent aromatic hydrocarbon group 

35 in the chain. Specific examples of the above group include aryl groups such as phenyl group, arylalkyl groups such as 
benzyl group and aromatic hydrocarbon groups having a divalent aromatic hydrocarbon group in the chain such as 
phenylene group (-C 6 H 4 -). 

[0033] Examples of the hydrocarbon group having an alicyclic bond which is represented by R 16 in the foregoing 
general formula (8) include hydrocarbon groups having 6 to 30 carbon atoms and preferably 6 to 20 carbon atoms 
such as cycloalkyl groups, alkyl groups substituted with cycloalkyl groups and alicyclic hydrocarbon groups having a 
divalent alicyclic hydrocarbon group in the chain. Specific examples of these groups include cycloalkyl groups such 
as cyclohexyl group, alkyl groups substituted with a cycloalkyl group such as cyclohexyl group and alicyclic hydrocarbon 
groups having a divalent alicyclic hydrocarbon group such as cyclohexylene group (-C 6 H 10 -) in the chain. 
[0034] Examples of the linear or branched hydrocarbon group having ether bond which is represented by R 16 in the 
45 foregoing general formula (8) include linear and branched aliphatic hydrocarbon groups having 2 to 135 carbon atoms 
and preferably 2 to 60 carbon atoms and ether bond such as groups represented by C n H 2n+1 -OC n H 2n - (in the formula, 
n=1 -9) and C n H 2n+1 -(OC m H 2m ) r - groups (in the formula, n=1 -9, m=2-4 and r=1 -30). 

[0035] Typical examples of the groups are linear and branched aliphatic hydrocarbon groups having ether bond such 
as CH 3 (OC 2 H 4 )- group, CH 3 (OC 2 H 4 ) 2 - group, CH 3 (OC 2 H 4 ) 3 - group, C 2 H 5 (OC 2 H 4 )- group, C 2 H 5 (OC 2 H 4 ) 2 - group, C 2 H 5 
so (OC 2 H 4 ) 3 - group, C 3 H 7 (OC 2 H 4 )- group, C 3 H 7 (OC 2 H 4 ) 2 - group, C 3 H 7 (OC 2 H 4 ) 3 - group, C 4 H g (OC 2 H 4 )- group, C 4 H 9 
(OC 2 H 4 ) 2 - group, C 4 H 9 (OC 2 H 4 ) 3 - group, C 6 H 13 (OC 2 H 4 )- group, C 6 H 13 (OC 2 H 4 ) 2 - group, C 6 H 13 (OC 2 H 4 ) 3 - group, CH 3 
(OC 3 H 6 )- group, CH 3 (OC 3 H 6 ) 2 - group, CH 3 (OC 3 H 6 ) 3 - group, C 2 H 5 (OC 3 H 6 )- group, C 2 H 5 (OC 3 H 6 ) 2 - group, C 2 H 5 
(°C 3 H 6 ) 3 - group, C 3 H 7 (OC 3 H 6 )- group, C 3 H 7 (OC 3 H 6 ) 2 - group, C 3 H 7 (OC 3 H 6 ) 3 - group, C 4 H 9 (OC 3 H 6 )- group, C 4 H 9 
(OC 3 H 6 ) 2 - group, C 4 H 9 (OC 3 H 6 ) 3 - group, C 6 H 13 (OC 3 H 6 )- group, C 6 H 13 (OC 3 H 6 ) 2 - group and C 6 H 13 (OC 3 H 6 ) 3 - group. 
[0036] In the foregoing general formula (8), the hydrocarbon group having an aromatic group and ether bond which 
is represented by R 16 is a hydrocarbon group having ether bond, an aromatic ring and 7 to 135 carbon atoms and 
preferably 7 to 30 carbon atoms. The ether bond may be bonded to the aromatic ring or to a group other than the 
aromatic ring. It is preferable that the ether bond is bonded to the aromatic ring. Specific examples of the above group 
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include aromatic hydrocarbon groups having 7 to 1 35 and preferably 7 to 30 carbon atoms such as groups represented 
by C n H 2n+1 -C 6 H 4 -(OC m H 2m ) r - (in the formula, C 6 H 4 represents phenylene group, n=1~-9, m=2-4 and r=1-30). 
[0037] In the foregoing general formula (8), the hydrocarbon group having an alicyclic bond and ether bond which 
is represented by R 16 is a hydrocarbon group having ether bond, an alicyclic bond and 7 to 135 carbon atoms and 
5 preferably 7 to 30 carbon atoms. The ether bond and the alicyclic bond may be continuously or not continuously bonded 
to each other. It is preferable that the ether bond and the alicyclic bond are continuously bonded to each other. Specific 
examples of the above group include alicyclic hydrocarbon groups having 7 to 1 35 and preferably 7 to 30 carbon atoms 
such as groups represented by C n H 2n+r C 6 H 10 -(OC m H 2m ) r - (in the formula, C 6 H 10 represents cyclohexylene group, 
n=1~9, m=2-4 and r=1~30). 

10 [0038] In the foregoing general formula (8) ; examples of the groups represented by R 17 are the same as examples 
of the groups represented by R 16 . R 16 and R 17 may represent the same group or different groups. Examples of the 
carbonate oil represented by the foregoing general formula (8) include monocarbonate oils represented by the foregoing 
general formula (8) in which the combination of the groups represented by R 16 and R 17 is selected from the above 
hydrocarbon groups. The monocarbonate oil represented by the foregoing general formula (8) may be used singly or 

15 as a mixture of two or more. 

[0039] Examples of the linear or branched hydrocarbon group represented by R 18 in the foregoing general formula 
(9) include linear and branched alky! groups having 1 to 30 carbon atoms and preferably 1 to 12 carbon atoms. Specific 
examples of the group include linear and branched alkyl groups such as CH 3 group, C 2 H 5 group, C 3 H 7 groups, C 4 H 9 
groups, C 5 H U groups, C 6 H 13 groups, C 7 H 15 groups, C 8 H 17 groups, C 9 H 19 groups, C 10 H 21 groups and C 12 H 25 groups. 

20 [0040] Examples of the hydrocarbon group having an aromatic ring which is represented by R 18 in the foregoing 
general formula (9) include hydrocarbon groups having 6 to 30 carbon atoms and preferably 6 to 20 carbon atoms 
such as any! groups, arylalkyl groups and aromatic hydrocarbon groups having a divalent aromatic hydrocarbon group 
in the chain. Specific examples of the above group include aryl groups such as phenyl group, arylalkyl groups such as 
benzyl group and aromatic hydrocarbon groups having a divalent aromatic hydrocarbon group in the chain such as 

25 phenylene group (-C 6 H 4 -). 

[0041] Examples of the hydrocarbon group having an alicyclic bond which is represented by R 18 in the foregoing 
general formula (9) include hydrocarbon groups having 6 to 30 carbon atoms and preferably 6 to 20 carbon atoms 
such as cycloalkyl groups, alkyl groups substituted with cycloalkyl groups and alicyclic hydrocarbon groups having a 
divalent alicyclic hydrocarbon group in the chain. Specific examples of these groups include cycloalkyl groups such 

30 as cyclohexyl group, alkyl groups substituted with a cycloalkyl group such as cyclohexyl group and alicyclic hydrocarbon 
groups having a divalent alicyclic hydrocarbon group such as cyclohexylene group (-C 6 H 10 -) in the chain. When the 
group represented by R 18 in the foregoing general formula (9) does not have ether bond, it is preferable that R 18 
represents an alkyl group. 

[0042] Examples of the linear or branched hydrocarbon group having ether bond which is represented by R 18 in the 
35 foregoing general formula (9) include linear and branched aliphatic hydrocarbon group having 2 to 135 carbon atoms 
and preferably 2 to 60 carbon atoms and ether bond such as groups represented by C n H 2n+1 -OC n H 2n - (in the formula, 
n=1 -9) and C n H 2n+1 -(OC m H 2m ) r - (in the formula, n=1 ~9, m=2~4 and r=1 -30). 

[0043] Typical examples of these groups are linear and branched aliphatic hydrocarbon groups having ether bond 
such as CH 3 (OC 2 H 4 )- group, CH 3 (OC 2 H 4 ) 2 - group, CH 3 (OC 2 H 4 ) 3 - group, C 2 H 5 (OC 2 H 4 )- group, C 2 H 5 (OC 2 H 4 ) 2 - group, 

40 C 2 H 5 (OC 2 H 4 ) 3 - group, C 3 H 7 (OC 2 H 4 )- group, C 3 H 7 (OC 2 H 4 ) 2 - group, C 3 H 7 (OC 2 H 4 ) 3 - group, C 4 H 9 (OC 2 H 4 )- group, C 4 H 9 
(OC 2 H 4 ) 2 - group, C 4 H 9 (OC 2 H 4 ) 3 - group, C 6 H 13 (OC 2 H 4 )- group, C 6 H 13 (OC 2 H 4 ) 2 - group, C 6 H 13 (OC 2 H 4 ) 3 - group, CH 3 
(OC 3 H 6 )- group, CH 3 (OC 3 H 6 ) 2 - group, CH 3 (OC 3 H 6 ) 3 - group, C 2 H 5 (OC 3 H 6 )- group, C 2 H 5 (OC 3 H 6 ) 2 - group, C 2 H 5 
(OC 3 H 6 ) 3 - group, C 3 H 7 (OC 3 H 6 )- group, C 3 H 7 (OC 3 H 6 ) 2 - group, C 3 H 7 (OC 3 H 6 ) 3 - group, C 4 H 9 (OC 3 H 6 )- group, C A H Q 
(OC 3 H 6 ) 2 - group.. C 4 H 9 (OC 3 H 6 ) 3 - group, C 6 H 13 (OC 3 H 6 )- group, C 6 H 13 (OC 3 H 6 ) 2 - group and C 6 H 13 (OC 3 H 6 ) 3 - group. 

45 [0044] In the foregoing general formula (9), the hydrocarbon group having an aromatic group and ether bond which 
is represented by R 18 is a hydrocarbon group having ether bond, an aromatic ring and 7 to 135 carbon atoms and 
preferably 7 to 30 carbon atoms. The ether bond may be bonded lo the aromatic ring or to a group other than the 
aromatic ring. It is preferable that the ether bond is bonded to the aromatic ring. Specific examples of the above group 
include aromatic hydrocarbon groups having 7 to 1 35 and preferably 7 to 30 carbon atoms such as groups represented 

50 by C n H 2n+1 -C 6 H 4 -(OC m H 2m ) r - (in the formula, C 6 H 4 represents phenylene group, n=1 —9, m-2 ~ 4 and r=1~30). 

[0045] In the foregoing general formula (9), the hydrocarbon group having an alicyclic bond and ether bond which 
is represented by R 18 is a hydrocarbon group having ether bond, an alicyclic bond and 7 to 135 carbon atoms and 
preferably 7 to 30 carbon atoms. The ether bond and the alicyclic bond may be continuously or not continuously bonded 
to each other. It is preferable that the ether bond and the alicyclic bond are continuously bonded to each other. Specific 

55 examples of these groups include alicyclic hydrocarbon groups having 7 to 135 and preferably 7 to 30 carbon atoms 
such as groups represented by C n H 2n+1 -C 6 H 10 -(OC m H 2m ) r - (in the formula, C 6 H 10 represents cyclohexylene group, 
n=1~9, m=2-4 and r=1-30). 

[0046] Among the hydrocarbon groups having ether bond which is represented by R 18 in the foregoing general for- 
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mula (9) : linear and branched aliphatic hydrocarbon groups having ether bond are preferable. In the foregoing general 
formula (9) : examples of the groups represented by R 20 are the same as examples of the groups represented by R 18 . 
R 20 and R 18 may represent the same group or different groups. 

[0047] Examples of the linear and branched hydrocarbon groups represented by R 19 in the foregoing general formula 

5 (9) include linear and branched alkylene groups having 1 to 12 carbon atoms and preferably 2 to 8 carbon atoms such 
as ~C 2 H 4 -, ~C 3 Hg-, "C4HQ-. -CH 2 C(CH 3 )HCH 2 -, -CH 2 CH 2 C(CH 3 )HCH 2 CH 2 -, ~CgHi 2 -, "^-'8^16"» "^10^20'' 
-CH 2 C((CH 3 ) 2 CH 2 - and -CH 2 C(C 2 H 5 )(C 4 H 9 )CH2-. Examples of the divalent hydrocarbon group having an aromatic 
ring which is represented by R 19 in the foregoing general formula (9) include divalent aromatic hydrocarbon groups 
having 6 to 12 carbon atoms and preferably 6 to 1 0 carbon atoms and a divalent aromatic hydrocarbon group such as 

10 phenylene group (-C 4 H 6 -) in the chain. Among these groups, alkylene groups are preferable. 

[0048] Examples of the divalent hydrocarbon group having an alicyclic bond which is represented by R 19 in the 
foregoing general formula (9) include alicyclic hydrocarbon groups having 6 to 12 carbon atoms and preferably 6 to 
1 0 carbon atoms and a divalent alicyclic hydrocarbon group such as cyclohexylene group (-C 6 H 10 -) in the chain. Among 
the groups represented by R 19 in the foregoing general formula (9), alkylene groups are preferable. 

is [0049] In the foregoing general formula (9) r a represents an integer of 1 to 16 and preferably an integer of 1 to 12. 
When a represents an integer of 2 or greater, the plurality of the constituting units represented by -R 19 OC(=0)0- may 
be the same with or different from each other. Examples of the carbonate oil represented by the foregoing general 
formula (9) include polycarbonates represented by the general formula (9) in which the combination of the groups 
represented by R 18 to R 20 is selected from the above hydrocarbon groups. The polycarbonate oil represented by the 

?o general formula (9) may be used singly or as a mixture of two or more. Examples of the groups represented by R 21 to 
R 23 in the foregoing general formula (10) include the same groups described as the examples of the groups represented 
by R 18 to R 20 , respectively, in the foregoing general formula (9). 

[0050] In the foregoing general formula (10), x represents an integer of 1 to 40 and preferably an integer of 1 to 25 
and y represents an integer of 1 to 12 and preferably an integer of 1 to 10. When x or y represents an integer of 2 or 

?5 greater, the plurality of the constituting units may be the same with or different from each other. Examples of the 
carbonate oil represented by the general formula ( 1 0) include polycarbonates represented by the general formula (1 0) 
in which the combination of the groups represented by R 21 to R 23 is selected from the above hydrocarbon groups. The 
polycarbonate oil represented by the general formula (10) may be used singly or as a mixture of two or more. 
[0051] Examples of the linear and branched hydrocarbon groups represented by R 24 , R 25 or R 26 in the foregoing 

30 general formula (11) include linear and branched alkylene groups having 1 to 6 carbon atoms and preferably 2 to 4 
carbon atoms such as -C 2 H 4 -, -C 3 H 6 - f -C 4 H 8 -, -CH 2 C(CH 3 )HCH 2 -, -CH 2 CH 2 C(CH 3 )HCH 2 CH 2 -, -C 6 H 12 - ? and 
-CH 2 C((CH 3 ) 2 )CH 2 -. The groups represented by R 24 , R 25 and R 26 may be the same with or different from each other. 
Examples of the groups represented by R 27 , R 2Q and R 29 in the general formula (11) include the same groups described 
as the examples of the groups represented by R 18 in the foregoing general formula (9). The groups represented by 

?5 R 2 ? } R28 anc j r29 mav b e the same with or different from each other. Z in the general formula (1 1 ) represents hydrogen 
atom; a hydrocarbon group having 1 to 6 carbon atoms and preferably 1 to 4 carbon atoms such as alkyl groups such 
as CH 3 group, C 2 H 5 group and C 3 H 7 group; or -0-(R 24 0) p -C(=0)0-R 27 group. In this group, R 24 and R 27 represent 
the same groups as those described above, p represents the same integer as that represented by p which will be 
described in the following. 

to [0052] In the foregoing general formula (11), p represents an integer of 0 to 1 2 and preferably 1 to 1 0 and q represents 
an integer of 1 to 6 and preferably 1 to 4. When p or q represents an integer of 2 or greater, the plurality of the structural 
units may be the same with or different from each other. Examples of the carbonate oil represented by the general 
formula (11) include polycarbonates represented by the general formula (11) in which the combination of the groups 
represented by R 24 to R 29 is selected from the above hydrocarbon groups. The polycarbonate oil represented by the 
*5 general formula (11) may be used singly or as a mixture of two or more. 

[0053] In the present invention, the carbonate oils represented by the foregoing general formulae (8) to (1 1 ) may be 
used singly or in combination of two or more. The carbonate compounds represented by the foregoing general formulae 
(8), (9), (10) and (11) can be produced, for example, in accordance with the following process. By transesterification 
of an alcohol compound represented by the following general formula (12), (13), (14) or (15) with a carbonate repre- 
ss sented by the following general formula (16), a corresponding carbonate compound represented by the foregoing 
general formula (8), (9), (10) and (11) can be obtained. 



R 16 (orR 17 )-OH 



(12) 



55 



HO-R -OH 



(13) 



9 



10 
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35 



45 
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H-(OR 22 )-OH (14) 



CH 2 -0-(R 24 0) p -H 
I 

[ZC-0-(R 25 0) p -H] 0 • . . (is) 

CH 2 "0-(R 26 0 ) p -H 



O 
II 

R H ~OC 0 - R 3 0 . • . ( 16) 



[0054] In general formulae (12) to (15), R 16 , R 17 , R 19 , R 22 . R 24 , R 25 , R 26 , x, p and q are the same as defined in the 
foregoing general formulae (8) to (11 ). 
20 [0055] In general formula (16), the plurality of R 30 each independently represent a linear or branched hydrocarbon 
group or a hydrocarbon group having an aromatic ring or alicyclic bond, each group having 1 to 30 carbon atoms, or 
a linear or branched hydrocarbon group having ether bond or a hydrocarbon group having ether bond and aromatic 
ring or an alicyclic bond, each group having 2 to 135 carbon atoms. 

[0056] The transesterification is conducted by heating the alcohol compound represented by the foregoing general 
25 formula (12), (13), (14) or (15) and the carbonate compound represented by the foregoing general formula (16) in 
amounts such that the ratio of the amounts by mole of the carbonate compound to the alcohol compound is in the 
range of 3 to 200 in the presence of a base catalyst. The formed alcohol R 22 OH is removed to the outside of the reaction 
system by distillation and the reaction is allowed to proceed until the conversion reaches 95% or greater. In the reaction, 
it is preferable that the air in the reactor is replaced with nitrogen. However, the reaction can be conducted without 
30 replacing the air with nitrogen. 

[0057] After the base catalyst is removed, the unreacted carbonate compound represented by general formula (1 6) 
is removed to the outside of the reaction system by distillation and the carbonate compound represented by the fore- 
going general formula (8), (9), (10) or (11) can be obtained. The base catalyst is not particularly specified and a con- 
ventional base catalyst used for the transesterification can be used. Typical examples of the base catalyst include 
NaOCH 3 . 

[0058] In the present invention, as (C) the polyol ester, an ester of an aliphatic polyhydric alcohol and a linear or 
branched fatty acid can be used. Examples of the aliphatic polyhydric alcohol used for forming the ester include ethylene 
glycol, propylene glycol, butylene glycol, neopentyl glycol, trimethylolethane, ditrimethylolethane, trimethylolpropane, 
ditrimethylolpropane, glycerol, pentaerythritol, dipentaerythritol, tripentaerythritol and sorbitol. 
40 [0059] As the fatty acid, fatty acids having 3 to 1 2 carbon atoms can be used. Preferable examples of the fatty acid 
include propionic acid, butyric acid, pivalic acid, valeric acid, caproic acid, heptanoic acid, octanoic acid, nonanoic acid, 
decanoic acid, dodecanoic acid, isovaleric acid, neopentanoic acid, 2-methylbutyric acid, 2-ethylbutyric acid, 2-meth- 
ylhexanoic acid, 2-ethylhexanoic acid, isooctanoic acid, isononanoic acid, isodecanoic acid, 2,2-dimethyloctanoic acid, 
2-butyloctanoic acid and 3,5,5-trimethylhexanoic acid. Partial esters of an aliphatic polyhydric alcohol and a linear or 
branched fatty acid can also be used. Preferable examples of the ester of an aliphatic polyhydric alcohol and a linear 
or branched fatty acid include esters of pentaerythritol, dipentaerythritol or tripentaerythritol and a fatty acid having 5 
to 12 carbon atoms and preferably 5 to 9 carbon atoms such as valeric acid, hexanoic acid, heptanoic acid, 2-methyl- 
hexanoic acid, 2-ethylhexanoic acid, isooctanoic acid, isononanoic acid, isodecanoic acid, 2,2-dimethyloctanoic acid, 
2-butyloctanoic acid and 3,5,5-trimethylhexanoic acid. 
50 [0060] Partial esters of an aliphatic polyhydric alcohol and a linear or branched fatty acid having 3 to 9 carbon atoms 
and complex esters of an aliphatic polyhydric alcohol and an aliphatic dibasic acid or an aromatic dibasic acid can also 
be used. In the complex ester, it is preferable that a fatty acid having 5 to 7 carbon atoms and more preferably 5 or 6 
carbon atoms is used. As the above fatty acid : valeric acid., hexanoic acid, isovaleric acid, 2-methylbutyric acid, 2-ethyl- 
butyric acid or a mixture of these acids can be used. Fatty acids obtained by mixing a fatty acid having 5 carbon atoms 
55 and a fatty acid having 6 carbon atoms in amounts such that the ratio of the amounts by weight is in the range of 1 0: 
90 to 90:10 arc preferably used. Examples of the aliphatic dibasic acid used for esterification of the polyhydric alcohol 
in combination with the fatty acid include succinic acid, adipic acid, pimelic acid, suberic acid, azelaic acid, sebacic 
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acid, undecanedicarboxylic acid, dodecanedicarboxylic acid, tridecanedicarboxylic acid and docosanedicarboxylic ac- 
id. Examples of the aromatic dibasic acid used for the esterification include phthalic acid and isophthalic acid. In the 
esterif ication reaction for preparing the complex ester, the polyhydric alcohol and the basic acid in prescribed amounts 
are allowed to react to form a partial ester, which is then allowed to react with the fatty acid. The reactions of the dibasic 
5 acid and the fatty acid may be conducted in a reversed order. The dibasic acid and the fatty acid may also be used for 
the reaction after being mixed together. 

[0061] Also, an ester of a polyhydric alcohol obtained by reacting an acid fluoride represented by the following general 
formula (17): 



R 3 1 

I ^° 

R s 3 - C - ClT • - • (17) 

I F 

R 3 3 

with a polyhydric alcohol (Japanese Patent Application Laid-Open No. Heisei 9(1 997)-157219) can be advantageously 
used due lo small water absorption at saturation. In the general formula (17). R 31 to R 33 each represent an alkyl group 
20 having 1 to 13 carbon atoms, groups having 4 or more carbon atoms are all branched and the number of carbon atom 
in the entire groups represented by R 31 to R 33 is in the range of 3 to 23; 

[0062J It is necessary that (A) the polyoxyalkylene glycol, (B) the carbonate-based carbonyl derivative and (C) the 
polyol ester each have a kinematic viscosity of 3 to 50 mm 2 /s and preferably 5 to 40 mm 2 /s at 100°C. When the 
kinematic viscosity is smaller than 3 mm 2 /s at 100°C, occasionally, the required lubricity is not surely obtained. When 
25 the kinematic viscosity exceeds 50 mm 2 /s, the practical properties for operation of a refrigerator is adversely affected 
due to the power loss. 

[0063] It is necessary that the amount of (B) the carbonate-based carbonyl derivative and/or (C) the polyol ester 
relative to the total base oil composition is 0. 1 to 40% by weight and is preferably 5 to 40% by weight. When the amount 
is less than 0.1% by weight, the effect of improving the solubility into the carbon dioxide refrigerant decreases. When 

30 the amount exceeds 40% by weight, the viscosity index as the lubricating oil composition becomes insufficient. 

[0064] It is preferable that the base oil composition has a kinematic viscosity of 7 to 30 mm 2 /s at 1 00°C and a viscosity 
index of 130 or greater. When the kinematic viscosity at 100°C is smaller than 7 mm 2 /sec, the composition does not 
achieve the required lubricity when carbon dioxide is in the condition of a high temperature and a high pressure. When 
the kinematic viscosity exceeds 30 mm 2 /s } the power loss is great and the composition is not suitable. When the 

35 viscosity index is smaller than 1 30, the lubricity reduce andthe sealing property becomes insufficient due to a substantial 
decrease in the kinematic viscosity at high temperatures. Therefore, such viscosity indices are not preferable. 
[0065] The refrigerating oil composition for a carbon dioxide refrigerant of the present invention is characterized in 
that the composition comprising (A) the polyoxyalkylene glycol and (B) the carbonate-based carbonyl derivative and/ 
or (C) the polyol ester is used as the base oil. Where necessary, the composition may further comprise an extreme 

40 pressure agent, an acid catcher, an antioxidant and an anticorrosion agent. 

[0066] The extreme pressure agent is not particularly specified and a suitable agent can be selected from conven- 
tional extreme pressure agents. In particular, metal salts of carboxylic acids and phosphorus-based extreme pressure 
agents are suitable. 

[0067] Various carboxylic acids can be used as the carboxylic acid constituting the metal salt of a carboxylic acid. 

45 Examples of the carboxylic acid include aliphatic saturated carboxylic acids, aliphatic unsaturated carboxylic acids, 
aliphatic dicarboxylic acids and aromatic carboxylic acids. Examples of the aliphatic saturated carboxylic acid include 
linear saturated acids such as caproic acid, caprylic acid, capric acid, lauric acid, myrislic acid, palmitic acid : stearic 
acid, arachic acid, cerotic acid and laccelic acid; and branched fatty acids such as isopentanoic acid, 2-methylpentanoic 
acid, 2-methylbutanoic acid, 2,2-dimethylbutanoic acid, 2-methylhexanoic acid, 5-methylhexanoic acid, 2,2-dimethyl- 

50 heptanoic acid, 2-ethyl-2-methylbutanoic acid, 2-ethylhexanoic acid, dimethylhexanoic acid, 2-n-propylpentanoic acid, 
3,5,5-trimethylhexanoic acid, dimethyloctanoic acid, isotridecanoic acid : isomyristic acid, isostearic acid, isoarachic 
acid and isohexanoic acid. Examples of the unsaturated carboxylic acid include palmitolcic acid, oleic acid, elaidic 
acid, linolic acid, and linoleic acid and ricinolic acid. Examples of the aliphatic dicarboxylic acid include adipic acid, 
azelaic acid and sebacic acid. Examples of the aromatic carboxylic acid include benzoic acid, phthalic acid, trimellitic 

55 acid and pyromellitic acid. Alicyclic fatty acids such as naphthenic acid can also be used. The carboxylic acids may be 
used in combination of two or more. 

[0068] The metal constituting the metal salt of a carboxylic acid is not particularly specified and various metals can 
be used. Examples of the metal include alkali metals such as lithium, potassium and sodium; alkaline earth metals 
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such as magnesium, calcium and strontium; and other metals such as zinc, nickel and aluminum. Alkali metals and 
alkaline earth metals are preferable and alkali metals are more preferable. A single metal or two or more metals may 
be bonded with one carboxylic acid. 

[0069] Examples of the phosphorus-based extreme pressure agent include esters of phosphoric acid, acidic esters 
of phosphoric acid, esters of phosphorous acid, acidic esters of phosphorous acid and amine salts of these esters. 
Examples of the esters of phosphoric acid include triaryl phosphates, trialkyf phosphates, trialkylaryl phosphates, tri- 
arylalkyl phosphates and trialkenyl phosphates. Specific examples of the ester of phosphoric acid include triphenyl 
phosphate, tricresyl phosphate, benzyl diphenyl phosphate, ethyl diphenyl phosphate, tributyl phosphate, ethyl dibutyl 
phosphate, cresyl diphenyl phosphate, dicresyl phenyl phosphate, ethylphenyl diphenyl phosphate, diethylphenyl phe- 
nyl phosphate, propylphenyl diphenyl phosphate, dipropylphenyl phenyl phosphate, triethylphenyl phosphate, tripro- 
pylphenyl phosphate, butylphenyl diphenyl phosphate, dibutyl phenyl phosphate, tributylphenyl phosphate, trihexyl 
phosphate, tri(2-ethylhexyl) phosphate, tridecyl phosphate., trilauryl phosphate, trimyristyl phosphate, tripalmityl phos- 
phate, tristearyl phosphate and trioleyl phosphate. 

[0070] Examples of the acidic ester of phosphoric acid include 2-ethylhexyl acid phosphate, ethyl acid phosphate, 
butyl acid phosphate, oleyl acid phosphate, tetracosyl acid phosphate, isodecyl acid phosphate, lauryl acid phosphate, 
tridecyl acid phosphate, stearyl acid phosphate and isostearyl acid phosphate. 

[0071] Examples of the ester of phosphorous acid include triethyl phosphite, tributyl phosphite, triphenyl phosphite, 
tricresyl phosphite, tri(nonylphenyl) phosphite, tri(2-ethylhexyl) phosphite, tridecyl phosphite, trilauryl phosphite, tri- 
isooclyl phosphite, diphenyl isodecyl phosphite, Iristearyl phosphite, trioleyl phosphite and 2-ethylhexyl diphenyl phos- 
phite. Examples of the acidic ester of phosphorous acid include-dibutyl hydrogenphosphite, dilauryl hydrogenphosphite, 
dioleyl hydrogenphosphite, distearyl hydrogenphosphite and diphenyl hydrogenphosphite. 

[0072] Examples of the amines forming amine salts with the above esters include monosubstituted amines, disub- 
stituted amines and trisubstituted amines represented by general formula (18): 

R 34 S NH 3 . S (18) 

wherein R 34 represents an alkyl group or an alkenyl group having 3 to 30 carbon atoms, an aryl group or an aralkyl 
group having 6 to 30 carbon atoms or a hydroxyalkyl group having 2 to 30 carbon atoms, s represents a number of 1 , 
2 or 3 and, when a plurality of R 34 are present, the plurality of R 34 may represent the same group or different groups. 
The alkyl group and the alkenyl group having 3 to 30 carbon atoms which are represented by R 34 in general formula 
(18) may be any of linear groups, branched groups and cyclic groups. 

[0073] Examples of the monosubstituted amine include butylamine, pentylamine, hexylamine, cyclohexylamine, oc- 
tylamine, laurylamine, stearylamine, oleylamine and benzylamine. Examples of the disubstituted amine include dib- 
utylamine, dipentylamine, dihexylamine, dicyclohexylamine, dioctylamine, dilaurylamine, distearylamine, dioleylamine, 
dibenzylamine, stearylmonoethanolamine, decylmonoethanolamine, hexylmonopropanolamine, benzylmonoeth- 
anolamine, phenylmonoethanolamine andtolylmonopropanolamine. Examples of the trisubstituted amine include trib- 
utylamine, tripentylamine, trihexylamine, tricyclohexylamine, trioctylamine, trilaurylamine, tristearylamine, trio- 
leylamine, tribenzylamine, dioleylmonoethanolamine, dilaurylmonopropanolamine, dioctylmonoethanolamine, dihexy- 
Imonopropanolarnine, dibutylmonopropanolarnine, oleyldiethanolamine, stearyldipropanolamine, lauryldieth- 
anolamine, octyldipropanolamine, butyldiethanolamine, benzyldiethanoiamine, phenyldiethanolamine, tolyldipropa- 
nolamine, xylyldiethanolamine, triethanolamine and tripropanolamine. 

[0074] Among the phosphorus-based extreme pressure agents, tricresyl phosphate, tri(nonylphenyl) phosphite, di- 
oleyl hydrogenphosphite and 2-ethylhexyl diphenyl phosphite are preferable from the standpoint of the extreme pres- 
sure property and the friction property. 

[0075] In the present invention, the extreme pressure agent may be used singly or in combination of two or more. It 
is preferable that a combination of the metal salt of a carboxylic acid and the phosphorus-based extreme pressure 
agenl is used since the lubricity of a refrigerating oil can be further improved under the atmosphere of carbon dioxide 
in the supercritical condition. It is preferable that the amount of the extreme pressure agent is in the range of 0.005 to 
5.0% by weight based on the amount of the base oil composition. When the amount is less than 0.005% by weight, 
there is the possibility that the extreme pressure property and the friction property are insufficient. When the amount 
exceeds 5.0% by weight, there is the possibility that generation of sludge is promoted. 

[0076] Examples of the acid catcher include epoxy compounds such as phenyl glycidyl ether, alkyl glycidyl ethers, 
alkylene glycol glycidyl ethers, cyclohexene oxide, a-olefin oxides and epoxidized soy bean oil. Among the above acid 
catchers, phenyl glycidyl ether, alkyl glycidyl ethers, alkylene glycol glycidyl ethers, cyclohexene oxide and a-olefin 
oxides are preferable from the standpoint of the miscibility. 

[0077] In the present invention, the acid catcher may be used singly or in combination of two or more. It is preferable 
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that the amount is in the range of 0.005 to 5% by weight based on the amount of the base oil composition. When the 
amount is less than 0.005% by weight, there is the possibility that the effect of adding the acid catcher is not exhibited. 
When the amount exceeds 5% by weight, there is the possibility that sludge is formed. When the salt of a carboxylic 
acid and the phosphorus-based extreme pressure agent are used in combination as the extreme pressure agent and 
the above acid catcher is further used in combination, excellent effects are exhibited in that stability of the refrigerating 
oil exposed to carbon dioxide in the supercritical condition is improved and the lubricity is maintained. When the extreme 
pressure agent and the acid catcher are used in combination, it is preferable that the total amount of the extreme 
pressure agent and the acid catcher is in the range of 0.005 to 5% by weight based on the amount of the base oil 
composition. 

[0078] As the antioxidant, phenol-based antioxidants such as 2,6-di-tert-butyl-4-methylphenol ; 2 ; 6-di-tert-butyl- N 
4-ethylphenol and 2,2'-methylene-bis(4-methyl-6-tert-butylphenol) and amine-based antioxidants such as phenyl-a- 
naphthylamine, phenyl-fi-naphthylamine and N.N'-diphenyl-p-phenylenediamine are used. Among these antioxidants, 
phenol-based antioxidants are preferable. When the above antioxidant is used in combination with the extreme pres- 
sure agent and the acid catcher, an excellent effect is exhibited in that stability of the refrigerating oil exposed to carbon 
dioxide in the supercritical condition is further improved. 

[0079] As an anticorrosion agent (that functions as an oiliness agent), (x) ethers and esters of aliphatic polyhydric 
alcohols having a functionality of 3 to 6 and (y) ethers and esters of condensates of two or three molecules of aliphatic 
polyhydric alcohols having a functionality of 3 to 6 are preferably used. 

[0080] The compounds of component (x) and component (y) will be explained in the following description. Preferable 
examples of the ether and the ester of aliphatic polyhydric alcohols having a functionality of 3 to 6 of component (x) 
include compounds represented by the following general formulae (XV-a) to (XV-f): 



OR 

R 47 OCH 2 CHCH 2 OR 



• ■ • (XV-a) 




• ■ • (XV-b) 



R 47 OCH 2 CHCHCH 2 OR 50 




- • • (XV-c) 




CH 2 OR 



• • (XV-d) 



R 48 <p OR JDR 60 
R 47 OCH 2 CHCHCHCH 2 OR 8J 
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R 'OCHaCHCHCHCHCHzOR 1 
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[0081] In the formulae (XV-a) to (XV-f), R 47 to R 52 each represent hydrogen atom or an alkyl group, an aryl group, 
an aralkyl group or an acyl group which has 1 to 1 8 carbon atoms and may be linear or branched. The atoms or the 
groups represented by R 47 to R 52 may be the same with or different from each other. R 47 to R 52 each may represent 
a glycol ether residue group represented by -(R a O) x -R b , wherein R a represents an alkylene group having 2 to 6 carbon 
atoms, R b represents an alkyl group, an aryl group, an aralkyl group or an acyl group which has 1 to 20 carbon atoms 
and x represents an integer of 1 to 10. 

[0082] Examples of the aliphatic polyhydric alcohol having a functionality of 3 to 6 include glycerol trimethylolpro- 
pane, erythritol, pentaerythritol, arabitoL sorbitol and mannitol. Examples of the group represented by R 47 to R 52 in the 
above formulae (XV-a) to (XV-f) include methyl group, ethyl group, n-propyl group, isopropyl group, various types of 
butyl group, various types of pentyl group, various types of hexyl group, various types of heptyl group, various types 
of octyl group, various types of nonyl group, various types of decyl group, various types of undecyl group, various types 
of dodecyl group, various types of tridecyl group, various types of tetradecyl group, various types of pentadecyl group, 
various types of hexadecyl group, various types of heptadecyl group, various types of octadecyl group, phenyl group, 
benzyl group, methoxyl group and ethoxyl group. R 47 to R 52 may also represent hydrogen atom and, in this case, the 
above compound is a partial ether. 

[0083] As for the ethers and the esters of condensates of two or three molecules of aliphatic polyhydric alcohols 
having a functionality of 3 to 6 of component (y), for example, ethers and esters of alcohols corresponding to general 
formula (XV-a) are represented by general formulae (XV-g) and (XV-h) and ethers and esters of alcohols corresponding 
to general formula (XV-d) are represented by general formulae (XV-i) and (XV-j): 



l 4B OR 49 
R 47 OCH 2 CHCH 2 OCH 2 CHCH 2 OR 60 ' • • (XV-g) 



OB' i0 OR* 
CH< 

48 OT? 49 ^-d50 



OR OR w OR ! 

R 47 OCH 2 CHCH 2 OCH a CHCH 2 OCH 2 CHCH 2 OR B1 * ' * «V-h) 



CHzOR 48 CH 2 OR 50 
R 47 OCH 2 CCH 2 OCH 2 CCH 2 OR 51 • • • (XV-i) 

CH 2 OR 49 CH 2 OR 62 



CH 2 OR 48 CH 2 OR 50 CHjOR 52 
R 47 OCH 2 CCH20CH2CCH20CH2CCH 2 OR 53 • • • (XV-j) 

CH 2 OR 49 CH 2 OR 51 CH 2 OR 54 

[0084] In the formulae (XV-i) and (XV-j), R 47 to R 54 are the same as definition described regarding R 47 to R 52 in the 
formulae (XV-a) to (XV-f), The atoms or the groups represented by R 47 to R 54 may be the same with or different from 
each other. Examples of the condensate of two or three molecules of an aliphatic polyhydric alcohol having a function- 
ality of 3 to 6 include diglycerol, ditrimethylolpropanc, dipentaerythritol, disorbitol, triglycerol, tritrimethylolpropane, 
tripentaerythritol and trisorbitol. 

[0085] Examples of components (x) and (y) represented by the general formulae (XV-a) to (XV-j) include trihexyl 
ether of glycerol, dimethyloctyl triether of glycerol, di(methyloxyisopropylene)dodecyl triether of glycerol, diphenyloctyl 
triether of glycerol, di(phenyloxy-isopropylene)dodecyltriether of glycerol, trihexyl ether of trimethylol-propane, dimeth- 
yloctyl triether of trimethylolpropane, di(methyloxy-isopropylene)dodecyl triether oftrimethylolpropane, tetrahexyl ether 
of pentaerythritol, trimethyloctyl tetraether of pentaerythritol, tri(methyloxyisopropylene)dodecyl tetraether of pentaer- 
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ythritol, hexapropyl ether of sorbitol, tetramethyloctyl pentaether of sorbitol, hexa(methyloxyisopropylene) ether of sorb- 
itol, tetrabutyl ether of diglycerol, dimethyldioctyl tetraether of diglycerol, tri(methyloxy-isopropylene)dodecyl tetraether 
of diglycerol, pentaethyl ether of triglycerol, trimethyldioctyl pentaether of triglycerol, tetra(methyloxy-isopropylene) 
decyl pentaether of triglycerol, tetrabutyl ether of ditrimethylolpropane, dimethyldioctyl tetraether of ditrimethylolpro- 
pane, tri(methyloxyisopropylene)dodecyl tetraether of ditrimethylolpropane, pentaethyl ether of tritrimethylolpropane, 
trimethyldioctyl pentaether of tritrimethylolpropane, tetra(methyloxyisopropylene)decyl pentaether of tritrimethylolpro- 
pane.. hexapropyl ether of dipentaerythritol, pentamethyloctyl hexaether of dipentaerythritol, hexa(methyloxy-isopro- 
pylene) ether of dipentaerythritol, octapropyl ether of tripentaerythritol, pentamethyloctyl hexaether of tripentaerythritol, 
hexa(methyloxyisopropylene) ether of tripentaerythritol, octamethyl-dioctyl decaether of disorbitol and deca(methyl- 
oxyisopropylene) ether of disorbitol; and esters corresponding to the above ethers. Among the above compounds, 
diphenyloctyl triether of glycerol, di(methyloxy-isopropylene)dodecyl triether of trimethylolpropane, tetrahexyl ether of 
pentaerythritol, hexapropyl ether of sorbitol, dimethyldioctyl tetraether of diglycerol, tetra(methyloxyisopropylene)decyl 
pentaether of triglycerol, hexapropyl ether of pentaerythritol and pentamethyloctyl hexaether of tripentaerythritol are 
preferable. 

[0086] The kinematic viscosity of components (x) and (y) at 40°C is in the range of 5 to 200 mm 2 /s and preferably 
in the range of 10 to 100 mm 2 /s. When the kinematic viscosity is smaller than 5 mm 2 /s, the effect of improving the 
lubricity and preventing clogging of capillaries is small. When the kinematic viscosity exceeds 200 mm 2 /s : miscibility 
with the refrigerant (the temperature of phase separation) decreases. Therefore, such kinematic viscosities are not 
preferable, in the lubricating oil composition for refrigerators of the present invention, the foregoing components (x) 
and (y) may be used singly or in combination of two or more. It is preferable that the amount of components (x) and 
(y) are in the range of 0.1 to 30% by weight based on the amount of the entire composition. When the amount is less 
than 0.1% by weight, the object of the present invention is not sufficiently achieved. When the amount exceeds 30% 
by weight, the effect is not exhibited to the degree expected from the amount and solubility into the base oil occasionally 
decreases. It is more preferable that the amount is in the range of 0.1 to 15% by weight and most preferably in the 
range of 0.5 to 1 0% by weight. 

[0087] The lubricating oil composition constituting the refrigerating oil composition of the present invention may fur- 
ther comprise conventional various additives such as copper deactivating agents such as benzotriazole and derivatives 
thereof and defoaming agents such as silicone oils and fluorinated silicone oils in suitable amounts as long as the 
object of the present invention is not adversely affected. The additives are comprised in the lubricating oil composition 
in an amount of 0.5 to 10% by weight. 

[0088] As for the process for producing the refrigerating oil composition of the present invention, it is sufficient that 
(B) the carbonate-based carbonyl derivative and/or (C) the polyol ester and, where necessary, the extreme pressure 
agent, the acid catcher the antioxidant and an anticorrosion agent are mixed with the polyoxyalkylene glycol and a 
process can be selected from various processes for producing the composition. 

[0089] When a metal salt of a carboxylic acid is used as the extreme pressure agent, however, a carboxylic acid and 
an alkali hydroxide is added to a solvent and the reaction is allowed to proceed at the room temperature or under 
heating to obtain a solution or a dispersion of the metal salt of the carboxylic acid. The object composition can be 
efficiently produced by using the obtained solution or the dispersion. 

[0090] As the solvent used above, various solvents can be used. Examples of the solvent include monohydric alco- 
hols such as n-butyl alcohol, isobutyl alcohol, sec-butyl alcohol, t-butyl alcohol, n-amyl alcohol, isoamyl alcohol, sec- 
amyl alcohol, n-hexyl alcohol, methylamyl alcohol, ethylbutyl alcohol, heptyl alcohol, n-octyl alcohol, sec-octyl alcohol, 
2-ethylhexyl alcohol, isooctyl alcohol, n-nonyl alcohol, 2,6-dimethyl-4-heptanol, n-decyl alcohol and cyclohexanol; gly- 
cols and polyhydric alcohols such as ethylene glycol, diethylene glycol, triethylene glycol, tetraethylene glycol, propyl- 
ene glycol, dipropylene glycol, 1 ,4-butylene glycol, 2,3-butylene glycol, hexylene glycol, octylene glycol and glycerol; 
cellosolves such as ethylene glycol monomethyl ether, ethylene glycol ethyl ether, ethylene glycol diethyl ether, ethylene 
glycol butyl ether, ethylene glycol dibutyl ether, ethylene glycol phenyl ether, ethylene glycol benzyl ether, ethylene 
glycol ethyl hexyl ether, diethylene glycol ethyl ether, diethylene glycol diethyl ether, diethylene glycol butyl ether, di- 
ethylene glycol dibutyl ether, propylene glycol methyl ether, propylene glycol ethyl ether propylene glycol butyl ether, 
dipropylene glycol methyl ether, dipropylene glycol ethyl ether, tripropylene glycol methyl ether, tetraethylene glycol 
dimethyl ether and tetraethylene glycol dibutyl ether; crown ethers such as benzo-15-crown-5, benzo-12-crown-4, 
benzo-18-crown-6 and dibenzo-18-crown-6; ketones such as ethyl butyl ketone, dipropyl ketone, methyl amy! ketone, 
methyl hexyl ketone and diisobutyl ketone; and fatty acids such as fatty acids having 3 to 30 carbon atoms described 
above. The concentration of the salt of a carboxylic acid dissolved or dispersed into the foregoing solvent is not par- 
ticularly specified and can be suitably selected in accordance with the situation. 

[0091] In the present invention, any carbon dioxide refrigerant can be used as long as the refrigerant comprises 
carbon dioxide as the main component. The refrigerant may further comprise hydrocarbon refrigerants such as propane 
and isobutane, ammonia refrigerants and refrigerants containing fluorine such as hydrofluorocarbons and fluorocar- 
bons, a typical example of which is 1 ,1 ,1 ,2-tetrafluorocarbon (R-1 34a). Even when the refrigerant comprises the above 
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components other than carbon dioxide, the effect of the present invention can be exhibited as long as the refrigerant 
comprises carbon dioxide as the main component. 

[0092] In the process for lubricating refrigerators using the refrigerating oil composition of the present invention, it is 
preferable that the ratio of the amounts by weight of the carbon dioxide refrigerant to the refrigerating oil composition 
5 is in the range of 99/1 to 10/90. When the ratio is smaller than the above range., the refrigerating ability decreases. 
When the ratio exceeds the above range, the lubricity deteriorates. Therefore, amounts outside the above range are 
not preferable. From the above standpoint, it is more preferable that the ratio of the amounts by weight of the carbon 
dioxide refrigerant to the refrigerating oil composition is in the range of 95/5 to 30/70. 

[0093] The refrigerating oil composition of the present invention can be applied to various types of refrigerators. In 

10 particular the refrigerating oil composition of the present invention is advantageously applied to compression-type 
refrigerating cycles in compression-type refrigerators. For example, the refrigerating oil composition can be advanta- 
geously applied to refrigerators disclosed in Japanese Patent Application Laid-Open Nos. Heisei 4(1 992)-1 83788, 
Heisie 8(1996)-259975, Heisei 8(1996)-240362, Heisie 8(1 996)-253779, Heisei 8(1996)-240352, Heisei 5(1993)- 
17792, Heisei 8(1996)-226717 and Heisei 8(1996)-231972. For example, the advantageous effects can be exhibited 

is when the refrigerating oil composition of the present invention is applied to compression-type refrigerating cycles having 
an oil separator and/or a hot gas line such as the refrigerating cycles shown in Figures 1 to 3. In general, a compression- 
type refrigerating cycle is constituted with a compressor, a condenser, an expansion valve and an evaporator. As the 
lubricant for a refrigerator, a lubricant exhibiting excellent miscibility with the refrigerant used for the refrigerator is used. 
However, when a refrigerant comprising carbon dioxide as the main component is used for Lhe above refrigerating 

20 cycle and the refrigerator is lubricated with a conventional refrigerating oil, antiwear is poor and a stable operation for 
a long period cannot be achieved due to insufficient stability. In particular, the drawbacks are marked when a capillary 
tube is used as the expansion valve in the refrigerating cycle in electric refrigerators and small air conditioners. The 
refrigerating oil composition of the present invention can be effectively used even when a compression-type refriger- 
ating cycle having an oil separator and/or a hot gas line is operated using a refrigerant comprising carbon dioxide as 

25 the main component. 



[0094] The present invention will be described below in further details with reference to the following examples. 
30 [0095] The test methods used in the examples were as follows. 

[Critical soluble temperature] 

[0096] Into a pressure-resistant glass container having an inner volume of 10 ml, a sample oil and a refrigerant of 
35 carbon dioxide gas were placed in amounts such that the ratio of the amounts by weight of the sample oil to the 
refrigerant was 1 :9 and the total amount was 3.0 g. After the container was sealed and the content was made into a 
homogeneous solution, the temperature was slowly elevated. The temperature at which the sample oil and the refrig- 
erant began to separate from each other was measured and defined as the critical soluble temperature. 



[0097] Into an autoclave having an inner volume of 1 20 ml, 40 g of a sample oil, 40 g of a refrigerant of carbon dioxide 
gas and a metal catalyst containing copper, aluminum and iron were placed and water was added to the system in an 
amount such that the content of water was adjusted to 2,000 ppm. After the autoclave was closed and kept at 1 75°C 
for 10 days, the sample oil was analyzed. The pressure inside the system during the test was 16 MPa. 



[0098] Using a pin made of steel (SUJ-2) and a block made of aluminum (A4032), the decrease in the amount (mg) 
50 of the block by wear was measured in the atmosphere of a refrigerant of carbon dioxide gas in accordance with the 
Falex friction test in the closed system. The conditions of the test were as follows: 



EXAMPLE 



40 



[Stability] 



[Antiwear] 



55 



the amount of the sample oil 

the temperature of the oil 

the pressure of carbon dioxide gas 

the speed of rotation 

the load 



300 ml; 
50°C; 
2 MPa; 



2,000 rpm; 
350 lbs; and 
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(continued) 



the time of the test 



I 60 minutes. 



[Examples 1 to 5 and Comparative Examples 1 and 2] 

[0099] The measurement of the critical soluble temperature, the test of stability and the test of friction were conducted 
using the refrigerating oil compositions shown in Table 1. The results are shown in Table 2. To each refrigerating oil 
composition in Examples and Comparative Examples, 1 .5% by weight of an acid catcher (an a-olef in oxide) and 0.5% 
by weight of an antioxidant (2 ; 6-di-tert-butyt-4-methylphenol) based on the amount of the base oil composition were 
added although these agents are not shown in Table 1 . 

[0100] In Table 1 , the components of the base oil and the extreme pressure agents are abbreviated as follows. 

(1) Components of the base oil {The number in ( ) shows the composition of a copolymer and the number in [ ] 
shows the kinematic viscosity at 100°C.} 

Component (A) (Polyoxyalkylene glycol) 

PAG-A: Polyoxypropylene glycol dimethyl elher [1 0.9 mm 2 /s] 

PAG-B: Polyoxyethylene(20)oxypropylene(80) glycol dimethyl ether [20.5 mm 2 /s] 

PAG-C: polyoxypropylene glycol monomethyl ether [9.7 mm 2 /s] 

PAG-D: Polyoxyethylene(10)oxypropylene(90) glycol mono-(n-butyl) ether [11.2 mm 2 /s] 
Component (B) (Carbonate-based carbonyl derivative) 

PC-1: A carbonate-based carbonyl derivative obtained in accordance with the process of Example 3 in 
Japanese Patent Application Laid-Open No. Heisei 4(1992)-8724 [13.0 mm 2 /s] 

PC-2: A carbonate-based carbonyl derivative obtained in accordance with the process of Example 2 in 
Japanese Patent Application Laid-Open No. Heisei 4(1992)-8725 [10.2 mm 2 /s] 

Component (C) (Polyol ester) 

POE-1 : Pentaerythritol/2-ethylhexanoic acid(0.2) + 3,5 : 5-trimethylhexanoic acid [1 4.7 mm 2 /s] 
POE-2: Pentaerythritol + 3,5,5-trimethylhexanoic acid [9.1 mm 2 /s] 

(2) Extreme pressure agent 



TCP: tricresyl phosphate 
TNP: trisnonylphenyl phosphite 
DOHP: dioleyl hydrogenphosphite 
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Table 2 







Critical 




Stability 




Antiwear 






soluble 












5 




temperature 
















(°C) 


appearance 


precipitates 


metal catalyst 


total acid 


amount of 








ot oil 






value after 


wear (mg) 














lest 




10 












(mgKOH/g) 






Example 1 


-14 


good 


none 


no change 


0.08 


3.3 




Example 2 


-36 


good 


none 


no change 


0.07 


3.2 




Example 3 


-28 


good 


none 


no change 


0.06 


2.8 


15 


Example 4 


-36 


good 


none 


no change 


0.06 


2.2 


Example 5 


-22 


good 


none 


no change 


0.06 


3.2 




Comparative 


separated 


good 


none 


no change 


0.03 


3.0 




Example 1 
















Comparative 


separated 


good 


none 


no change 


0.02 


14.2 


20 


Example 2 















INDUSTRIAL APPLICABILITY 



[0101] Although application of a compound having oxygen such as a polyoxylalkylene glycol and a polyol ester to 
25 the base oil of a refrigerating oil for a carbon dioxide refrigerant has been attempted separately as a single compound., 
application of a combination of these compounds has heretofore not been made. 

[0102] In the present invention, since a composition comprising a polyoxyalkylene glycol having a specific kinematic 
viscosity and a carbonate-based carbonyl compound and/or a polyol ester having a specific kinematic viscosity in 
specific relative amounts is used as the base oil, miscibility of the oil with carbon dioxide is remarkably improved without 
30 adverse effects on the stability proper to the polyoxyalkylene glycol and the use for a long time with stability is made 
possible. 



Claims 

35 

1 . A refrigerating oil composition for a carbon dioxide refrigerant comprising a base oil composition which comprises 
(A) a polyoxyalkylene glycol having a kinematic viscosity of 3 to 50 mm 2 /s at 100°C and at least one component 
selected from (B) a carbonate-based carbonyl derivative having a kinematic viscosity of 3 to 50 mm 2 /s at 100°C 
and (C) a polyol ester having a kinematic viscosity of 3 to 50 mm 2 /s at 100°C, wherein an amount of (B) and/or 

40 (C) is 0.1 to 40% by weight of the total base oil composition. 

2. A refrigerating oil composition for a carbon dioxide refrigerant according to Claim 1 , wherein said base oil compo- 
sition has a kinematic viscosity of 7 to 30 mm 2 /s at 100°C and a viscosity index of 130 or greater 

45 3. A refrigerating oil composition for a carbon dioxide refrigerant according to Claim 1 , further comprises at least one 
acid catcher in an entire amount of 0.005 to 5.0% by weight. 

4. A refrigerating oil composition for a carbon dioxide refrigerant according to Claim 2, further comprises at least one 
acid catcher in an entire amount of 0.005 to 5.0% by weight. 

so 

5. A refrigerating oil composition for a carbon dioxide refrigerant according to Claim 1 , further comprises at least one 
extreme pressure agent in an entire amount of 0.005 to 5.0% by weight. 

6. A refrigerating oil composition for a carbon dioxide refrigerant according to Claim 2, further comprises at least one 
55 extreme pressure agent in an entire amount of 0.005 to 5.0% by weight. 



7. 



A refrigerating oil composition for a carbon dioxide refrigerant according to Claim 5. wherein said extreme pressure 
agent is at least one agent selected from a group consisting of metal salts of carboxylic acids and phosphorus- 



# 
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based extreme pressure agents. 



A refrigerating oil composition for a carbon dioxide refrigerant according to Claim 6 ; wherein said extreme pressure 
agent is at least one agent selected from a group consisting of metal salts of carboxylic acids and phosphorus- 
based extreme pressure agents. 



# 
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Fig. 1 



<2> 



Fig. 2 

<D — 
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Fig. 3 



<Z> 



Fig. 4 



1 



EP 1 243 639 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP00/09228 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 C10M111/02, C10M111/04, CI OKI 05/1 8 , C10M105/48, 
C10M107/34, C10M107/26//C10N40:30, C10N30:06 

According to International Patent Classification (IPC) or to both national classification and ITC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

Int. CI 7 C10M111/02, C10M111/04, C10M105/18, C10M105/48, 
C10M107/34, C10M107/26, C10N40:30 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
WPI (DIALOG) 



C. DOCUMENTS CONSIDERED TO HE RELEVANT 



Category* 


Citation of document with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


JP, 10-461S9, A (Idemitsu Kosan Co., Ltd.), 
17 February, 1998 (17.02.98), 

abstract; Claims; page 8, Par. Nob . [0046}, [0O47] 
(Family: none) 


1-8 


Y 


WO, 99/58628, Al (IDEMITSU KOSAN CO., LTD.), 
18 November, 1999 (18.11.99), 
abstract; Claims 1-2 
example 6 

& JP, 11-323369, A 


1-8 


Y 


EP, 499793, Al (NIPPON OIL CO., LTD.), 
26 August, 1992 (26.08.92), 
abstract; Claims 2-8 

& JP, 4-314789, A & JP, 4-331289, A 
Et JP, 5-86381, A & JP. 5-186784, A 
El JP, 11-100585, A & US, 5370809, A 


1-8 
1-B 


Y 


JP, 5-194966, A (NIPPON OIL COMPANY, LTD.), 
03 August, 1993 (03.08.93), 

abstract; Claims 4-5; page 4, Par. No. [0027); page 5, 
Par. No. [0032] (Family: none) 



I I Further documents are listed in the continuation of Box C. Q See patent family annex. 



• Special categories of cited documents: 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
H E* earlier document but published on or after the international filing 

date 

"L* document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later 
than the priority date claimed 



T* later document-published after the international filing dote or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

T document of particular relevance; the claimed invention cannot be 
enmidened novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 

"ft" document member of the same patent family 



Date of the actual completion of the intcmulional search 
15 March, 2001 (15.03.01) 


Date of mailing of the international search report 
03 April, 2001 (03.04.01) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



